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1
- SCR MOTOR SPEED CONTROL

DESCRIPTION
Background of Prior Art

This invention relates to apparatus for controlling the
application of electrical energy to -a load, and more
specifically to control the energization of a motor
adapted to drive a vehicle.

It 1s well-known in the prior art to provide vehicles
with on-board power sources such as batteries. More

specifically, such vehicles are provided with control

apparatus whereby the electrical energy supplied by the
battery to the motor is controlled in terms of connecting
and disconnecting (duty ratio) the battery to the motor
and further, of varying the electrical power supplied by
the battery to the motor, whereby motor speed and thus
vehicle speed may be controlled.

Typically, such control apparatus for electrically
driven vehicles has comprised a plurality of solenoids
- for selectively interconnecting a plurality of batteries to
provide the desired degree of energization to the vehi-
cle motor. The solenoids are connected to an accelera-
tor switch, whtch is in turn configured as a vehicle or
accelerator pedal. The vehicle’s operator depresses the
accelerator pedal to increase vehicle speed. It is readily
seen that upon the coupling of a further battery that a
discrete, noticeable surge in energization is supplied to
the vehicle motor and an abrupt shift or jerk results due
to the sudden vehicle acceleration. The solenoids are
coupled to large, heavy-duty resistors and upon depres-
sion of the accelerator pedal, are actuated to insert these
resistors into circuit with the battery, whereby vehicle
acceleration is made more gradual. Such vehicle con-
trol tends to be most efficient at high vehicle speeds
when all of the batteries are connected in series to drive
the vehicle motor and the large resistors are not cou-
pled in circuit with the battery. At less than full speed,
the insertion of the resistors into circuit with the battery
tends to make such vehicle control apparatus inefficient,
i.e. the resistors draw relatively large currents thus
dissipating the battery’s current in the form of gener-
ated heat as opposed to driving the vehicle. Such vehi-
cle control apparatus not only suffers from jerky accel-
eration but also decreases the time between battery
recharging and eventually the life of the vehicle battery.
In a situation where such vehicle control apparatus is
used for golf vehicles, the increased number of battery
charging reduces the availability of such vehicles for
use on the golf course. In summary, it is found that the
use of such resistors shortens the time period between
battery recharging, reduces the availability of the vehi-
cles for use and eventually, shortens the battery life.

The development of the silicon control rectifier
(SCR) provided improved control of energy supply to
loads and, 1n particular, control of the energization of
motors and more particularly, of vehicle motors. The
operation of an SCR to control the duty ratio of apply-
ing the source of energization to the load is well-known
in the art. Typically, an SCR controls the duty ratio of
the ON period, 1.e. the time when the battery is con-
nected to the load, to the OFF period and the increasing
of the duty ratio increases the level of load energization.
In a typical motor control circuit of the prior art, there
is included a main SCR by which the on-board battery
is selectively applied to the vehicle motor. The main
SCR i1s turned ON or fired to apply the battery to the
motor and, at a controlled time thereafter, is turned
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OFF or commutated typically by coupling or “dump-
ing” a charge placed upon a commutating capacitor
across the main SCR. Typically, the time of charging of
the commutator capacitor as well as the time that the
main SCR is rendered conductive have been increased
to increase the energization of the vehicle motor. How-
ever, there is a disadvantage to such a technique in that
the relatively large charges placed upon the commutat-
Ing capacitor have required relatively large capacitors
and in many instances have required the use of a number
of capacitors connected in parallel with each other. In

~ the particular application where it is contemplated to
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energize motor vehicles, it is necessary to control large
currents thus requiring relatively large commutating
capacitors, which are expensive. It is thus an object of
this invention to reduce the capacitance and thus the
number of commutating capacitors, that are required
thus significantly reducing the total cost and complexity
of a motor speed control.

In U.S. Pat. No. 4,084,119 of Kato et al., there is
disclosed a motor control system comprising a first or
ON oscillator circuit, and a second or OFF oscillator
circuit for respectively turning ON and OFF a chopper
circuit including a SCR-type switching element. In
operation, an accelerator pedal is depressed to energize
the entire circuit and to vary the period of the OFF
oscillator, whereby the duty cycle of the chopper cir-
cuit is varied thus variably energizing a motor. The
frequency of the OFF oscillator is controlled by a vari-
able potentiometer which is coupled to the accelerator
pedal. The Kato et al. motor control varies the OFF
time of its chopper circuit to thereby control the duty
cycle of energizing its motor. As a result, as the motor
vehicle is accelerated and greater energization is ap-
plied to the motor, increased charge must be applied to
the commutating capacitor thus requiring a commutat-
ng capacitor of larger value or a plurallty of commutat-
Ing capacitors. |
A significant problem w1th the pl‘lOl‘ art is to accu-
rately control the charging of the commutating capaci-
tor so that it has sufficient charge to commutate the

~main SCR. In the prior art, as the duty ratio of applying

energization to the motor increases, there has been ten-
dency to increase the charge applied to the commutat-
ing capacitor thus requiring capacitors of greater capac-
itance. On the other hand, the charge placed thereon
could be decreased with the result that the capacitance
of the commutating capacitor could be decreased; how-
ever, there is a risk of not having sufficient charge to
commutate the main SCR. The potential hazard of such
a system is that the main SCR would remain full ON
and apply the full voltage of the battery to the vehicle
motor resulting in a possible vehicle runaway condition.
Main SCR’s designed to control the energization of
motor vehicles draw large currents and, thus, require
large charges from their commutating capacitors to be

turned OFF or commutated. Thus, any solution to the

problem of reducing the capacitance of the commutat-
ing capacitor, must also ensure that the main SCR
adapted for vehicle motor control 1s commutated.

In U.S. Pat. No. 4,032,825 of Klimo, there 1s disclosed
a motor control system having a main SCR, a commu-

- tating capacitor, a charging SCR and a commutating
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SCR. In operation a pulse generator provides first and
second trains of output pulses whose frequency is de-
pendent upon the resistance of a potentiometer, which
is coupled to a vehicle accelerator. As the vehicle accel-
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erator is pressed down, the frequency of the pulse gen-
erator output is increased whereby the main SCR is
fired at a greater rate. Upon firing of the main SCR, the
charging SCR is redered conductive to charge the ca-
pacitor. In addition, there is provided a variable time 35
delay circuit comprised of a timing potentiometer and a
timing capacitor. Upon the charging of the commutat-
ing capacitor, a voltage is supplied to charge the timing
capacitor, the time of charging of which is dependent
upon the setting of the timing potentiometer. Upon
charging to a predetermined potential, the commutating
SCR is rendered conductive thus commutating the main
SCR. Thus the Klimo motor control sets the ON time of
his main SCR by the timing capacitor of his delay cir-
cuit which also controls the length of the charging of 15
the commutating capacitor. Thus, there is a capability

to control the charging of the commutating capacitor
but at the sacrifice of controlling the power duty ratio
by which the battery is supplied to the motor.

Further, the prior art has dealt with the problem of 20
failure of one of the principal components of SCR
motor control systems, whereby the battery is fully
connected to the motor thus creating a possible vehicle
runaway condition. It is contemplated that the use of
such controls in golf carts could impose a serious hazard 25
to golf cart riders. U.S. Pat. No. 3,818,291 of Miyake
addresses this problem, showing a detector circuit
which is sensitive to the malfunctioning of a chopper
circuit and in particular a main thyistor, to render a
control transistor conductive whereby the thyristor is
rendered non-conductive, to thereby disconnect the
circuit from the battery to the motor. Further, the
Miyake patent *291 shows a switch which upon full
depression of an accelerator pedal, energizes a solenoid
and its solenoid switch is closed whereby the full volt-
age of the battery is applied to its motor. It is desirable
to provide a simple, less complex circuit than that em-
ployed by the Miyake patent 291 whereby a fail-safe or
automatic shutdown circuit prevents the application of
full voltage to the motor in the event of failure of a main 40
component of the motor control system, e.g. the main

SCR.
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BRIEF SUMMARY OF INVENTION

1t is therefore an object of this invention to provide a 45
new and novel motor control that efficiently controls
“the application of energization to a motor, i.e. does not
dissipate current through heat generating electrical
resistors. -

It is a more specific object of this invention to employ 50

~a new and novel motor control employing SCR’s

. wherein the capacitance of and/or number of commu-
~tating capacitors 1s reduced.

- Tt is a still further object of this invention to employ
~ a charging circuit for the commutating capacitor of an
SCR-type motor control that critically charges the
commutating capacitor to a sufficient level to commu-
tate the main SCR, while ensuring a fine control of the
duty ratio of the firing and commutating of the main
SCR. -

In accordance with these and other objects of the
invention, there is provided apparatus for controlling
the duty ratio of the application of an energization
source such as a battery to a load in the form of a motor
for driving a vehicle. More particularly, there is dis-
closed a motor control implemented by solid state de-
vices and more specifically, SCR elements. In one illus-
~ trative embodiment of this invention, there is employed
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a first oscillator circuit for providing a first train of
timing pulses, the frequency of which is determined by
the position of an operator manipulatable member, e.g.
a vehicle accelerator pedal. The first train of pulses 1s
applied to fire a main SCR. Further, there is provided a
second oscillator circuit for providing a second train of
pulses for controlling the discharging or dumping of the
charge stored upon a commutating capacitor across the
main SCR, thereby deactuating or commutating the
main SCR. The frequency of the first oscillator i1s ad-
justable up to a value substantially that of the set fre-
quency of the second oscillator, whereby as the fre-
quency of the first oscillator is increased the number of
times that the main SCR is turned ON is likewise in-
creased until at full energization, the main SCR is being
turned ON at a maximum rate; the time of energization
i.e. the period that the main SCR is fired, is substantially
constant regardless of the frequency of pulse duty ratio
as established by the first oscillator circuit. In this fash-
ion, the charge required to commutate the SCR 1s re-
duced and thus the capacitance of and/or the number of
the commutating capacitors s reduced. |

In a further aspect of this invention, there 1s provided
a charging circuit coupled to receive the first train of
pulses and including a charging SCR for charging the
commutating capacitor. The charging circuit includes
an inductive element establishing a resonant circuit with
the commutating capacitor, whereby a relatively high
voltage is supplied by the inductive element to charge
the commutating capacitor.

In a still further feature of this invention, there is
provided a fail-safe automatic shutdown circuit that is
directly coupled to the main SCR whereby upon 1its
failure to commutate or de-energize, a signal 1s gener-
ated and applied to an ON solenoid thereby opening its
contact element and disconnecting the battery from the
vehicle motor. In this manner upon failure for whatever
reason of the main SCR full voltage will not be applied
to the motor whereby a potentially runaway condition
would otherwise be established.

BRIEF DESCRIPTION OF THE DRAWING

A detailed description of a preferred embodiment of
this invention is made with regard to the attached draw-
ing in which there is shown a detailed circuit diagram of
the silicon control rectifier motor control of this inven-
tion.

DETAILED DESCRIPTION OF INVENTION

With regard to the drawing, there is shown an 1llus-
trative preferred embodiment of this invention for vari-
ably energizing a motor 11, whereby its speed may be
efficiently varied and controlled. It is contemplated that
the motor 11 is employed to drive a vehicle such as a
golf cart. In such a use, the vehicle would typically
have a switch-ON accelerator mechanism 14 including
an accelerator pedal 10, which is manipulated by the
vehicle operator’s foot in a conventional manner. Ini-
tially, the operator using an appropriate key actuates an
ON-OFF switch 24 of the mechanism 14 from its first to
its second position, whereby the positive terminal of a
battery 26 is applied via the plus A terminal, a full ON
switch 16, a coupling switch 22 and terminal S1 to the
control circuit. As indicated by the dotted lines 1n the
accompanying drawing, the accelerator pedal 10 1is
mechanically coupled to each of the coupling switch 22
and the full-ON switch 16, as well as to an arm 12 of a
potentiometer R30. The variable impedance of the po-
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tentiometer R30 is coupled via terminals A1 and A2 to
the circuit as shown in the accompanying drawing. The
cperation of the mechanical coupling of the accelerator
pedal 10 to the potentiometer arm 12 and the switches
16 and 22 will now be explained in greater detail. Upon
initial depression of the accelerator pedal 10 in a down-
ward direction as indicated by the arrow shown in the
drawing, the mechanical coupling causes the coupling
switch 22 to move from its first to its second position.
Upon continued depression of the accelerator pedal 10,
the potentiometer arm 12 is moved in a direction to

cause a lower impedance to be presented by potentiom-.

eter R30 between the terminals A1 and A2. Upon full
depression of the accelerator pedal 10, the full-ON
switch 16 is disposed from its third position to its fourth
position.

The motor speed control circuit as shown in the
drawing operates, as will be explained, to control the
duty ratio by which a battery 26 as coupled to the + A
and — A terminals, is applied to the motor 11. The main
switching element of the shown circuit is a solid state
element and in particular a main SCR-1 that is selec-
tively fired and commutated to control with an im-

proved degree of precision, the application of electrical

energy from the battery 26 to the motor 11. In particu-
lar, there is disclosed a first oscillator circuit 13 com-
prised primarily of a programmable unijunction transis-
tor PUT-1 that provides a first train of pulses at a vari-
able frequency dependent upon the position of the ac-
celerator pedal 10 and, more specifically, upon the im-

10
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electrode of the main SCR-1. Upon application of a
pulse to the primary coil 32, an induced, corresponding
pulse is developed across the secondary coil 34 thereby
firing the pilot SCR-2, which acting essentially as an
amplifier, applies an amplified pulse to fire the main
SCR-1. In addition, the transformer T1 includes a sec-
ond secondary coil 36, whose output is coupled to a

charging circuit 17 comprised of a charging SCR-5 and

a pilot SCR-6. In response to an input pulse of the first
train, the secondary coil 36 applies a corresponding
pulse to the gate of the pilot SCR-6 firing it and thereby
applying an amplified pulse to the gate of the charging
SCR-$. An inductive element L1 is also included within

~ the charging circuit 17 and upon firing of the SCR-5, is
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pedance presented by the potentiometer R30 to the first

oscillator circuit 13. The plus terminal of the battery 26

1s applied through the terminal + A and a closed switch
18a of an ON solenoid 18 to a positive bus of the circuit

whereby the circuit as shown in the drawing is ener-

gized. The actuation of the ON solenoid 18 and, in
particular, the operation of the associated automatic
shutdown circuit 30 will be explained later. A reference
- voltage is supplied to the first oscillator circuit 13 by a
divider circuit comprised of resistor R2 and a Zener

diode Z1. The reference potential developed across the

Zener diode Z1 is in turn applied across a voltage divid-
ing circuit comprised of a resistor R9 and a resistor R14
connected in series with each other, the point of inter-

connection there between being coupled to a gate of the

PUT-1. A timing circuit is formed by a resistor RS
coupled in series through the terminals A1 and A2 to
the potentiometer R30, the thermistor TH-1, the resis-
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coupled with the commutating capacitor C3 whereby a
resonant circuit is established quickly disposing a high
voltage upon the inductive element L1 to thereby
charge rapidly the commutation capacitor C3.

A second oscillator circuit 15 is also included, as
shown in the enclosed drawing, essentially comprised
of a PUT-2 that is energized to provide a second train of-
pulses of set frequency. A reference voltage is estab-
lished across a Zener diode Z2 to be applied to a timing
circuit comprlsed of a presettable potentiometer R18
connected in series with a resistor R21 and a capacitor
CS5. A voltage divider circuit is formed across the Zener
diode Z2 comprised of a resistor R19 connected in
series with resistor R22, the point of interconnection
there between being connected to the gate of the PUT-
2. As the capacitor C5 charges to the firing potential of
the PUT-2, the PUT-2 fires applying a pulse to a pri-
mary coil 38 of a transformer T2. As seen in the draw-

ing, the transformer T2 also includes a secondary coil
40 which is coupled to a commutating circuit 19 com-

prised essentially of a pilot SCR-4 and a commutating
SCR-3. The secondary output at the frequency of the

‘second oscillator 15 is applied to the gate of the pilot

SCR-4, which provides an amplified output to the gate -

- of the commutating SCR-3 firing it and applying the

voltage stored upon the commutating capacitor C3
across the main SCR-1, thereby extinguishing the mam |
SCR-1. -
In operation, the operator presses down the accelera-
tor pedal 10, closing the coupling switch 22 to its sec-
ond position, whereby a voltage is applied from the + A
terminal through the switches 24, 16 and 22, the termi-
nal S1, the automatic shutdown circuit 30 and terminal

- S2 to energize a coil 186 of the ON solenoid 18,

tor R12 and the capacitor C4. The point of interconnec-

tion between the capacitor C4 and the resistor R12 is
connected to the base of the PUT-1. Upon charging of

50

the capacitor C4 to a firing level through the aforedes-

cribed timing circuit, the PUT-1 is rendered conductive

thus applying a pulse to a primary winding 32 of a trans-

former T1. It is understood that as is well-known in the

55 .

art that the frequency of the output of train pulses of the

first oscillator 13 is dependent upon the aforementioned
resistance and, in particular, the variable resistance as

presented by the potentiometer R30. The thermistor
TH-1 is temperature-responsive and as temperature

Increases, its resistance decreases whereby the fre-
quency of the first oscillator circuit 13 is increased to
thereby increase the level of energization and, in partic-
ular, the duty ratio of the energlzatlon applied to the
motor 11,

The transformer T1 includes a first secondary coil 34
coupled via resistors R3-A and R3 to a pilot SCR-2; the
output of the SCR-2 is in turn connected to the gate

- -whereby the switch 18a is closed connecting the +A

terminal to the +S terminals and thereby connecting
the battery 26 between the +S and — A terminals of the

circuit shown in the drawing. As the accelerator pedal
10 is continued to be pressed, the resistance presented
by the potentiometer R30 is decreased, thus applying an

increased current to charge the capacitor C4. As the

voltage charge upon the capacitor C4 reaches the gat-

~ ing voltage of the PUT-1, it forward conducts thus
- discharging the capacitor C4 through the primary coil

65

32 of the transformer T1. As the capacitor C4 is succes-
sively charged and discharged, the first oscillator cir-
cuit 13 generates the first train of pulses at a frequency
variably dependent on the resistance of the potentiome-
ter R30. Thus, the secondary coil 34 of the transformer
T1 applies the resulting pulses to the gate of the pilot
SCR-2, which upon firing, applies a voltage to the gate
of the main SCR-1. At the same time, pulses appearing

- on the second coil 36 are applied to render conductive

the pilot SCR-6, which in turn applies a gating voltage
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to the charging SCR-5 which commences the charging
of the commutating capacitor C3. The second oscillator
circuit 15 provides the second train of pulses of a set
frequency to control the discharge of the commutating
capacitor C3 by firing a pilot SCR-4 which in turn fires
the SCR-3 thus effecting a turn-off of the main SCRI.
The frequency of the first oscillator circuit 13 is varied
from a relatively low frequency up to a maximum fre-
quency sustantially that of the second oscillator circuit
15 dependent upon the degree of depression of the ac-
celerator 10. As the frequency of the first oscillator
circuit 13 is raised, the number of the firings of the main
SCR1 within a given interval is substantially increased
thus applying more power to the DC motor 30. The
significance of the two oscillator circuits is that the
number of the firings of the SCR-1 is controlled, as
opposed to the length of each firing, whereby the ca-
pacitance and/or number of the commutating capaci-
tors C3 that is required for the circuit is significantly
reduced, noting that the cost of such commutating ca-
pacitors is expensive. If a length of firing manner of
control was employed, it would be necessary to use a
number of the commutating capacitors C3 to handle the
charge required to commutate the main SCR 1 because
the charge being applied by the main SCR 1 to the
motor 30 is greater.

In addition to the reduced capacitance and/or num-
ber of commutating capacitors C3, the charging of the
commutating capacitor is effected by a separate circuit,
unrelated to the turnoff or commutating of the main
SCR 1. In this manner, the commutating capacitor C3
may be critically charged to that minimal level required
to commutate the main SCR-1, thus reducing its capaci-
tance while ensuring sufficient charge to commutate or
turnoff the main SCR-1. To this end, the establishment
of the resonant circuit by the inclusion of the inductive
element L1 is significant in that a high voltage is rapidly
developed across the inductive element L1 to in turn
rapidly charge the commutating capacitor C3.

‘The automatic shutdown circuit 30 and its associated
ON solenoid 18, briefly referred to above, will be de-
scribed in greater detail. It is contemplated that in one
embodiment, that the SCR control circuit as shown in
the enclosed drawing would be particularly adapted to
energize a motor for driving a vehicle and in particular
a golf cart. In such an embodiment, it is important that
the failure of an element of the circuit and, in particular,
the main SCR-1 would not result in the full application
of the voltage developed by the battery 26 to the motor
11. In such a case, the motor 11 would be driven at full
speed thus causing a possible runaway condition and
injury to the cart passengers. To prevent this, the circuit
and in particular the main SCR-1 is coupled to the auto-
matic shutdown circuit 30 comprised primarily of a
relay 28 having a normally open switch 28a for com-
pleting the circuit between the terminals S1 and S2. By
examination of the enclosed drawings, it is seen that the
closure of the terminals S1 and S2 applies an energizing
voltage to the coil 185 of the ON solenoid 18, thus
closing its switch 18a and applying the positive voltage
of the battery 26 to the terminals +S and —A of the
described circuit. In the event of failure of an element of
this circuit and in particular the main SCR-1, the auto-
matic shutdown circuit 30 de-energizes the coil 285 of
the relay 28, whereby the switch 28a remains open, the
energizing coil 186 de-energized and the switch 18a
opened thus removing the energizing voltage from the
motor 11 and preventing a possible vehicle runaway

8

condition. As shown in the drawing, the output of the
main SCR-1 is connected directly to a capacitor C9 of
the automatic shutdown circuit 30. The output of the
capacitor C9 is coupled to rectifying diodes D6 and D8
to apply a DC voltage to charge a capacitor C8. The
point of interconnection between the capacitor C8 and

~ the diode D6 is coupled to the base of a transistor Q1. A
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Zener diode Z3 limits the voltage that may be applied to
an energizing coil 28b of the relay 28. A biasing resistor
R26 is connected to the collector of transistor Q1, and a
biasing resistor R28 is connected to the emitter of tran-
sistor Q1. Thus in normal operation with the main
SCR-1 periodically conducting, the capacitor C9 passes
a current to charge the capacitor C9, whereby the tran-
sistor Q1 is rendered conductive connecting resistors
R26 and R28 in series with and energizing the coil 285,
the thus energized coil 286 closes the switch 28a
thereby completing the circuit between the terminals S1
and S2. If for some reason, the main SCR-1 fails, typi-
cally by not cutting OFF, a constant D.C. voltage 1s
applied through the main SCR-1 to the automatic shut-
down circuit 30 that will be substantially blocked by the
capacitor C9. As a result, the capacitor C8 is no longer
charged, the transistor Q1 is rendered non-conductive
and the switch 28a of the relay 28 is opened, whereby
the circuit between S1 and S2 is interrupted thus de-
energizing the ON solenoid 18 and disconnecting the
battery 30 from the 4 S terminal. As a result, the vehi-
cle comes to a stop. In the absence of the automatic
shutdown circuit 30, a fully ON voltage is applied to the
motor 11, whereby a vehicle runaway condition could
be established.

Upon initial closing of the coupling switch 22 and
before the main SCR-1 has commutated, it i1s necessary
to supply a voltage to the coil 285 of the relay 28,
whereby its switch 28z may be closed and the switch
18a of the ON solenoid 18 closed to apply the battery
voltage to the control circuit. To this end, there 1s 1n-
cluded a capacitor C7 connected across the coil 285 that
is charged by a positive voltage applied through termi-
nal S1, resistor R25 and the coil 285, upon the initial
closing of the coupling switch 22. The coil 285 contin-
ues to be energized during the charging of capacitor C7,
i.e. current is being drawn through coil 285. Once ca-
pacitor C7 has been charged, no more current is drawn
through the coil 285; however, the main SCR-1 has now
began to commutate and the automatic shutdown cir-
cuit 30 has otherwise begun to energize the coil 28b.
Resistor R27 is connected across the capacitor C7 to
discharge capacitor C7 within a relatively short period

of time, thus permitting the coupling switch 22 to be

reclosed and to energize the coil 285 by drawing cur-
rent therethrough to a discharged capacitor C7.

In a further feature, there is shown a bypass solenoid
20 comprising an energizing coil 206 interconnected
between the fourth position or terminal of the fuli-ON
switch 16 and the — A terminal, and a switch 20q that
responds to the energization of the coil 205 to complete
a circuit between the +S terminal and the motor 11. A
diode D7 is connected between terminal 4 of the full-
ON switch 16 and the coil 185 of the ON solenoid 18, 1o
maintain the energization of the solenoid coil 18 while
the coupling switch 22 is disposed from its first to its
second position. In operation, when the pedal 10 1s
placed to its full position, the full-ON switch 16 is dis-
posed to its fourth position, whereby the coil 205 is
energized to close the bypass solenoid switch 20q, thus
applying a voltage (if the switch 18a is closed) from the
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+ A terminal to the +M terminal thereby bypassing the
afore-described circuitry. The bypass solenoid 20 in-
creases the efficiency of the motor speed control appa-
ratus in that the use of the afore-described SCR circuit
 does impose a drain upon the battery 26 especially at
maximum or nearly maximum motor energization con-
dition. In the event that the accelerator pedal 10 is
pushed to its maximum position, the afore-described
motor control speed control apparatus is removed from
the circuit between the battery 26 and the motor 11 and
the bypass solenoid 20 provides a direct circuit connec-

tion therebetween, thus improving the efficiency of this.

apparatus. |

Thus, there has been described a SCR motor speed
control apparatus employing a main SCR to control the
duty ratio by which a battery is applied to a load in the
form of a motor and in particular a motor adapted to
drive a vehicle, wherein the number of times that the
main SCR is turned ON and OFF is controlled by the
use of a first oscillator circuit whose output frequency is
dependent upon the position of the vehicle accelerator
pedal, and a second oscillator circuit whose output
frequency 1s preset. As the frequency of the output of
the first oscillator circuit is increased toward that of the

second oscillator output, the number of times that the
main SCR is turned ON and OFF is increased. In this

10

15

20

25

fashion, the charge required to commutate the main

SCR 1s reduced and, therefore, the capacitance and/or

number of the apparatus’ commutating capacitors is
likewise reduced. Further, there is included a charging
circuit whose operation is not dependent upon the re-
quired duty cycle but is operative to establish a resonant
circuit whereby the commutating capacitor is rapidly
charged. In a further feature, an automatic shutdown
circuit is responsive to the failure of the main SCR to
disconnect the battery from the motor.

In considering this invention it should be remem-
bered that the present disclosure is illustrative only and
the scope of the invention should be determined by the
independent claims.

I claim:

1. Apparatus for variably controlling the application
of a D.C. energization source to a motor, said apparatus
compnsmg

30

35

40

(a) main switching means commutable between a 45

conductive state and a nonconductive state to re-
spectively connect and disconnect the energization
source to said motor;

50

35

60

65
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(b) a solenoid having a first, normally open switch,
said first switch being connected by a first circuit in
series with the energization source and said main
switching means, and a first 0011 energlzable to
close said first switch;

(c) commutating means for commutating said main
switch means between its conductive and noncon-
ducttve states, whereby the energization source is
connected through said closed first switch to ener-
gize said motor;

(d) a relay having a second, normally open switch,
said second switch connected in series with said
first switch across the energization source, and a
second coil energlzable to close said second switch;
and

(e) failure detector means responsive to the commuta-
tion of said main switching means for energizing
said second coil, whereby said second switch is
closed, said first coil energized and said first switch
1s closed to complete said first circuit and to ener-
gize said motor, and responsive to the lack of com-
mutation of said main switching means for deener-
gizing said second coil, whereby second switch is
opened, said first coil deenergized and said first
switch opened to disconnect the energization
source from said motor when said main switch
means fails to commutate.

2. The motor controlling apparatus as claimed in
claim 1, wherein said failure detector means comprises
a capactive element connected to said main switching
means and upon failure of said main switching means to
commutate, blocking the DC energization signal ap-
plied thereto.

3. The motor controlling apparatus as claimed in

claim 2, wherein said failure detector means further
comprises a transistor coupled to said capactive element
and responsive to the blocking of said capacitive ele-
ment, for deenergizing said second coil.

4. The motor controlling apparatus as claimed in
claim 2, wherein there is included a second capacitive
clement and a resistor connected in parallel with each
other, the parallel combination of the second capacitive
element and resistor being connected in series with said
second coil, whereby upon the initial energization of
said failure detector means, an energizing signal is di-
rected through second coil to charge said second capac-

itive element.
¥ *x . * ¥
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